Diffraction effects are traditionally classified into either Fresnel or Fraunhofer types. Fresnel diffraction is primarily concerned with what happens to light in the immediate neighborhood of a diffracting object or aperture. It is thus only of concern when the illumination source is close to this aperture or object. Consequently, Fresnel diffraction is rarely important in most optical setups.
Fraunhofer diffraction, however, is often very important. This is the light-spreading effect of an aperture when the aperture (or object) is illuminated with an infinite source (plane-wave illumination) and the light is sensed at an infinite distance (far-field) from this aperture.
It is Fraunhofer diffraction that determines the limiting performance of optical systems. Diffraction, poses a fundamental limitation on any optical system. Diffraction is always present, although its effects may be masked if the system has significant aberrations. When an optical system is essentially free from aberrations, its performance is limited solely by diffraction, and it is referred to as diffraction limited.
Fraunhofer Diffraction by a Circular Aperture
Diffraction pattern (Airy pattern) for a circular aperture Each ring is separated by a circle of zero intensity. The irradiance distribution in this pattern can be described by where I 0 = peak irradiance in the image J 1 (x) is a Bessel function of the first kind of order unity, and Where x is the position on the image plane, is the wavelength, D is the aperture diameter, and is the angular radius from pattern maximum. This useful formula shows the far-field irradiance distribution from a uniformly illuminated circular aperture of diameter, D.
Note: For comparison, the Fraunhoffer diffraction of a uniformly illuminated slit aperture is described by Where I 0 is the peak irradiance of the image, and where is the wavelength, w is the slit width, and is the angular radius from pattern maximum.
Energy Distribution Table
The Place a conventional large aperture after the pinhole to block the higher order rings so that only the center Airy pattern is projected on the screen. This is commonly known as spatial filtering for obtaining a smooth expanded laser beam without speckles.
Attach a short segment of your hair on the metal frame and place it close to the large aperture. Photograph the diffraction pattern and explain the pattern observed.
